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(54)  Adduct  of  mutually  stabilizing  menadione  and  thiamine. 
An  adduct  of  menadione  and  thiamine  is  described 

having  the  general  formula  C34H36N4O11S3,  molecular  weight 
772,84  and  containing  the  components  in  a  molecular  ratio  of 
2:1  respectively. 

This  adduct  is  particularly  intended  to  be  added  to 
integrator  mixtures  for  zootechny. 





The  i nven to r   of  the  p resen t   inven t ion   had  a l ready   d e s c r i b e d ,   in  a  

preceding  a p p l i c a t i o n   ( I t a l y   No.  206008  A/78),  new  adducts  o f  

compounds  having  K-vi taminic   (menadione  sodium  b i s u l f i t e )   a c t i v i t y ,  

which  were  s t a b i l i z e d   by  compounds  also  endowed  with  t h e r a p e u t i c a l ,  

p a r t i c u l a r l y   v i t amin i c ,   a c t i v i t y .  

Said  adducts  r e p r e s e n t e d   a  remarkable  improvement  in  compar ison 

with  o ther   p r ev ious ly   used  K-vi taminic   adducts ,   wherein  t h e  

s t a b i l i z i n g   po r t ion   of  the  adduct  was  i n e r t   from  the  t h e r a p e u t i c a l  

point   of  v iew.  

One  of  the  s t a b i l i z e d   adducts ,   p a r t i c u l a r l y   claimed  in  the  above 



mentioned  I t a l i a n   a p p l i c a t i o n ,   was  the  s t a b i l i z e d   menadione  sodium 

b i s u l f i t e   and  th iamine   h y d r o c h l o r i d e   adduct,   said  components  b e i n g  

p r e s e n t   in  a  mo lecu la r   r a t i o   of  1:1  r e s p e c t i v e l y .  

This  menadione  sodium  b i s u l f i t e - t h i a m i n e   adduct  has  the  g e n e r a l  

formula  C33H27ClN4O6S2,  a  molecu la r   weight  of  555,17  and  t h e r e f o r e  

a  t h e o r e t i c a l   con ten t   of  menadione  fC11H8O2)  and  th iamine,   t h i s  
2 

l a t t e r   exp re s sed   as  th iamine   hyd roch lo r i de   ( i . e .  

C12H18C12N4O  S),  of  31,0%  b.w.  and  60,8  b.w.  r e s p e c t i v e l y .   T h i s  

means  tha t   the  above  adduct  de r ives   from  a  mole  to  mole  r e a c t i o n  

between  menadione  sodium  b i s u l f i t e   and  thiamine  hyd roch lo r ide ,   w i t h  

e l i m i n a t i o n   of  one  molecule   of  sodium  h y d r o c h l o r i d e .  

As  a f o r e s a i d ,   the  s t a b i l i z a t i o n   of  said  adduct,   p a r t i c u l a r l y   by  

means  of  another   compound,  a lso  having  a  t h e r a p e u t i c a l   a c t i v i t y ,  

was  claimed  in  the  above  mentioned  a p p l i c a t i o n .  

Fu r the r   i n t i m a t e   e x p e r i m e n t a l   s t u d i e s   about  said  adducts  s u r p r i s -  

ingly   led  to  i d e n t i f y   ano ther   compound,  which  was  also  ob ta ined   by 

r e a c t i n g   menadione  sodium  b i s u l f i t e   with  thiamine  h y d r o c h l o r i d e ,  

but  in  a  r a t i o   of  2:1  r e s p e c t i v e l y ;   namely  the  e l i m i n a t i o n   of  two 

sodium  h y d r o c h l o r i d e   molecules   and  the  add i t ion   of  menadione  

b i s u l f i t e   with  t h i a m i n i c   r e s t   takes  place;   so  that   th is   new  a d d u c t  

has  the  formula  C34H36N4O11S3,  molecular   weight  772,84  and 

menadione  and  th iamine   h y d r o c h l o r i d e   equ iva l en t   con ten t s   of  44,56% 

b.w.  and  43,64%  b.w.  r e s p e c t i v e l y ;   t h e r e f o r e   i t   c l e a r l y   d i f f e r s  

from  the  above  adduct  in  the  composi t ion .   It  d i f f e r s   a lso  from  t h e  

.above  adduct  in  another   d e c i s i v e   c h a r a c t e r i s t i c :   namely  a  m u t u a l  

s t a b i l i z a t i o n   se ts   up  between  the  adduct  po r t i ons ,   so  tha t   t h e  



K-vitamin  s t a b i l i z e s   the  thiamine  and  at  the  same  time  the  t h i a m i n e  

s t a b i l i z e s   the  K - v i t a m i n .  

Thanks  to  said  c h a r a c t e r i s t i c s ,   the  product  accord ing   to  t h i s  

i n v e n t i o n   r e p r e s e n t s   a  c l ea r   progress   in  comparison  with  t h e  

product   of  the  p reced ing   a p p l i c a t i o n ,   p a r t i c u l a r l y   as  r ega rds   i t s  

use  in  the  f i e l d   of  feed  p r e p a r a t i o n ,   namely  of  the  " i n t e g r a t o r s   t o  

the  animal  f e e d i n g " .  

Indeed  both  a c t i ve   p r i n c i p l e s ,   expressed  as  menadione  and  t h i a m i n e  

h y d r o c h l o r i d e ,   the  presence   of  which  is  e s s e n t i a l   in  f e e d  

i n t e g r a t o r s ,   are  g e n e r a l l y   added  to  these  l a t t e r   in  the  same 

amounts,  by  weight ,   and  s e p a r e t e l y ,   so  being  d i s p e r s e d   in to   a  

medium,  which  is  p a r t i c u l a r l y   apt  to  aid  the  loss  of  t h e i r  

r e s p e c t i v e   a c t i v i t i e s .  

On  the  con t r a ry   the  use  of  the  new  product ,   sub jec t   of  the  p r e s e n t  

a p p l i c a t i o n ,   r e p r e s e n t s   an  important   improvement  (in  t h i s   p a r i i c u -  

la r   f i e l d )   in  that   i t   allows  on  the  one  hand  the  con temporaneous  

i n t r o d u c t i o n  -   namely  in  one  only  and  p r e c i s e l y   dosed  a d d i t i o n  -   o f  

both  components,  in  the  i n t e g r a t o r ;   on  the  o ther   hand  t h e  

i n t r o d u c t i o n   of  an  adduct  in  the  i n t e g r a t o r ,   the  components  o f  

. which  are  p r e l i m i n a r y   s t a b i l i z e d .   In  th is   way  the  i n t e g r a t o r  

p r e p a r a t i o n   is  s i m p l i f i e d   and  improved  and,  at  the  same  time,  t h e  

loss  in  course  of  time  of  the  r e l a t i v e   a c t i v i t i e s   is  r e d u c e d .  

Ac tua l ly   an  i n t r a m o l e c u l a r   s t a b i l i z a t i o n   (IMS)  is  c a r r i e d   o u t ,  

namely,  a  chemical  IMS,  which,  as  supposable ,   makes  the  b i o l o g i c a l  

.  a c t i v i t y   speedy  and  more  ac t ive ;   as  an  a l t e r n a t i v e   to  the  e x t r a  



molecu la r   s t a b i l i z a t i o n   (EMS),  which  is  ob ta ined   by  a  p h y s i c a l  

cover ing   o p e r a t i o n   of  the  product   g r anu le s   by  a  s u i t a b l e   p r o t e c t i v e  

membrane. 

Consequent ly   not  only  a  t e c h n i c a l ,   but  a lso  an  economical  a d v a n t a g e  

in  the  fed  p r e p a r a t i o n   is  a t t a i n e d   in  th i s   way. 

To  r e c a p i t u l a t e ,   the  adduct  of  t h i s   i n v e n t i o n ,   having  the  g e n e r a l  

formula  C34H36N4011S3'  t h e o r e t i c a l l y   con ta in s   44,56%  of  menadione 

and  43,64%  of  th iamine   ( exp res sed   as  th iamine  hyd roch lo r ide )   and  i s  

b e t t e r   d e s c r i b e d   by  i t s   s t r u c t u r e   formula,   from  which  i t   r e s u l t s  

tha t   th is   adduct  is  a  3-  (4  a m i n o - 2 - m e t h y l - 5 - p y r i m i d i n y l - m e t h y l )  

5 - ( 2 - h y a r o x y e t h y l ) - 4 - m e t h y l t h i a z o l e - b i s   ( 1 - 4 - n a p h t h o q u i n o n e - 2 -  

m e t h y l - b i s u l f i t e ) .  

For  convenience ,   however,  the  adduct  according  to  the  p r e s e n t  

i n v e n t i o n   wi l l   be  h e r e i n a f t e r   c a l l e d   BMV. 

The  adduct  BMV  is  p repared   according  to  the  process  which  i s  

i l l u s t r a t e d   in  the  fo l lowing  examples,  which  should  not  be 

cons ide red   as  l i m i t i n g   th i s   i n v e n t i o n .  

Example  1  -   Labo ra to ry   p r e p a r a t i o n   of  the  product   in  a  pure  form.  

A  s o l u t i o n ,   c o n s i s t i n g   of  100g  of  menadione  sodium  b i s u l f i t e  

( m e n a d i o n e - t i t l e   51,5%)  and  200g  of  water ,   is  added  with  a  s o l u t i o n  

c o n s i s t i n g   of  50g  of  commercial  th iamine  hydroch lo r ide   ( t i t l e   97%) 

and  50g  water ,   w i th in   about  10  minutes  of  a g i t a t i o n ,   at  a  

t empera tu re   not  h igher   than  30°C.  Af ter   about  10  minutes  since  t h e  



a d d i t i o n   of  the  th iamine  so lu t ion   was  completed,   the  r e a c t i o n  

product   s t a r t s   p r e c i p i t a t i n g   and,  a f t e r   30-40  minutes  of  c u r i n g ,  

under  s t i r r i n g ,   the  product   is  f i l t e r e d   and  washed  u n t i l   a l l  

h y d r o c h l o r i d e s   are  off  the  f i l t r a t e ;   a  white  so l id   is  so  o b t a i n e d ,  

which  is  then  vacuum  dr ied   at  40°C  up  to  a  cons t an t   weigth  and  t h e  

a n a l i z e d .  

The  chemical   a n a l y s i s   g i v e s :  

The  so  ob ta ined   product   melts  (with  decompos i t ion)   at  188°-190°C.  

It  shows  a  c h a r a c t e r i s t i c   I.R.  spectrum,  as  from  f igure   1  and  from 

the  comparison  of  the  same  with  the  s p e c t r a   of  f i gu re s   2-5,  which  

r e p r e s e n t :  

Fig.  2  the  I.R.  spectrum  of  simple  phys i ca l   mixture  of  menadione 

sodium  b i s u l p h i t e   and  thiamine  h y u d r o c h l o r i d e .  

Fig.  3  the  I.R.  spectrum  of  menadione  sodium  b i s u l f i t e .  

Fig.  4  the  I.R.  spectrum  of  thiamine  h y d r o c h l o r i d e .  

Fig.  5  the  I.R.  spectrum  of  the  mole  to  mole  menadione  b i s u l f i t e -  

thiamine  a d d u c t .  

From  the  comparison  of  the  above  s p e c t r a   i t   e v i d e n t l y   appears  t h a t  

the  BMW  spectrum  has  a  strong  abso rp t ion   band  at  1740  cm-1.  T h i s  

band  does  not  appear  in  any  other   spectrum  p a r t i c u l a r l y   n e i t h e r   i n  



the  adduct  2-1  spectrum  nor  in  the  p h y s i c a l   mixture   spectrum  of  t h e  

two  a c t i v e   componen t s .  

The  spectrum  of  phys i ca l   mixture  ( f i g u r e   2)  cor responds ,   by  good 

approx imat ion ,   to  the  summation  of  the  s p e c t r a   of  the  s i n g l e  

components .  

The  e l ementa ry   a n a l y s i s   gives  the  fo l lowing   r e s u l t s :  

C  =  52,87%  ( the  t h e o r e t i c a l   value  for  the  adduct   BMW  =  52,84%) 

H  =  4,72%  ( the  t h e o r e t i c a l   value  for  the  adduct   BMW  =  4,70%) 

N  =  7,25%  ( the  t h e o r e t i c a l   value  for  the  adduct   BMW  =  7,25%) 

0  =  22,75%  (the  t h e o r e t i c a l   value  for  the  adduct  BMW  =  22,77%) 

S  =  12,41%  ( the  t h e o r e t i c a l   value  for  the  adduct   BMW  =  12,44%) 

There fo re   the  ob t a ined   product   p e r f e c t l y   co r responds   (the  100%)  t o  

the  formula  C34H36N4O11S3,  which  is  the  de s i r ed   product.   T h i s  

product   is  w a t e r  -   as  well  as  ch loroform  and  e thy l   a l c o h o l  -   f a i r l y  

so lub le   at  a  room  t empera tu re ,   namely:  

in  100g  of  water ,   d i s s o l v e   6g  of  t h i s   p r o d u c t  

in  100g  of  ch lo roform  d i s so lve   0,2g  of  t h i s   p r o d u c t  

in  100g  of  e thyl   a lcohol   d i s so lve   0,2g  of  th i s   p r o d u c t  

The  pH  of  s a t u r a t e d   aqueous  s o l u t i o n s   is  3,3  at  25°C. 

Example  2  -   Exper imenta l   p r e p a r a t i o n   on  s e m i - i n d u s t r i a l   s c a l e  

To  a  s o l u t i o n   of  100g  of  commercial  menadione  sodium  b i s u l f i t e  

(menadione  t i t l e   49,5%)  and  200g  water ,   50g  of  commercial  t h i a m i n e  

h y d r o c h l o r i d e   ( t i t l e   97%)  are  added,  w i th in   five  minutes  u n d e r  

s t i r r i n g ,   at  a  t empera tu re   not  higher   than  30°C.  After   5  m i n u t e s ,  

s ince   the  th iamine  a d d i t i o n   has  been  comple ted ,   the  product  s t a r t s  



p r e c i p i t a t i n g .   The  s t i r r i n g   is  p r o t r a c t e d   during  30  minutes  and 

then  the  s l u r r y   is  cooled  to  0°C,  f i l t e r e d   wi thout   washing  and ,  

a f t e r   vacuum  drying  to  40°C,  100g  of  white  so l i d   are  ob ta ined ,   t h i s  

l a t t e r   having  the  fo l lowing   a n a l y s i s :  

or:  the  adduct  BMV  =  98,0% 

The  y i e ld   is  88,2% 

Example  3 -  P i l o t   p r e p a r a t i o n  

This  example  r e p r e s e n t s   a  model  for  an  i n d u s t r i a l   p r e p a r a t i o n   of  an 

adduct  (BMV)  according  to  the  present   i n v e n t i o n .  

A  s o l u t i o n   of  2  kg  of  commercial  menadione  sodium  b i s u l f i t e  

(menadione  t i t l e   51,29%)  in  4  kg  of  a  l i q u i d ,   c o n s i s t i n g   of  2  kg  o f  

water  and  2  kg  of  a  f i l t r a t e   r ecyc led   from  a  p reced ing   p r e p a r a t i o n ,  

is  p r e p a r e d .  

To  th i s   so lu t i on ,   1  kg  of  commercial  th iamine  hydroch lo r ide   (97%), 

wi th in   10  minutes,   at  a  t empera ture   not  higher   than  30°C,  is  added;  

the  thiamine  hyd roch lo r ide   d i s s o l v e s   and,  a f t e r   about  10  m i n u t e s ,  

the  product  BMW  s t a r t s   p r e c i p i t a t i n g .   After   30  minutes  of  c u r i n g ,  

the  product  is  cooled  to  0°C  and  c e n t r i f u g a t e d   wi thout   wash ing .  

A f t e r   vacuum  drying  at  40°C,  2,25  kg  of  product   having  t h e  

fo l lowing  ana lys i s   are  o b t a i n e d :  



BMW  =  96,6%  (menadione  43%;thiamine  h y d r o c h l o r i d e   equ iva l en t=42%)  

NaCl  =  3,4% 

H 2 0  =   0% 

A  product   is  so  ob ta ined   which  is  pure  up  to  96,6%. 

Example  4  -   S t a b i l i z a t i o n   t e s t s   of  the  product   of  t h i s   i nven t ion   i n  

f e e d s  

In  order   to  de te rmine   the  s t a b i l i t y   of  the  product   according  t o  

th i s   i n v e n t i o n ,   s eve ra l   mixtures   of  the  adduct  to  be  t e s t ed   w i t h  

aluminum  s i l i c a t e ,   having  10,4%  mois tu re ,   (as  a  suppor t )   were  

p r e p a r e d .  

The  t e s t e d   mix tu re s   were  the  f o l l o w i n g :  

A)  =  1,5g  p roduc t   BMV  +  50g  aluminum  s i l i c a t e  

B)  =  1,5g  menadione  sodium  b i s u l f i t e   +  50g  aluminum  s i l i c a t e  

C)  =0,75g  th iamine   hyd roch lo r ide   +  50g  aluminum  s i l i c a t e  

The  mix tu res   were  placed  in  sealed  c o n t a i n e r s   and  mainta ined   a t  

55°C  in  a  t h e r m o s t a t   for  3  d i f f e r e n t   pe r iods   of  t imes.  It  was 

o b s e r v e d :  

-  a f t e r   1  day  (24  hours) :   in  the  sample  were  s t i l l   p r e s e n t :  

(A)  95,3%  of  the  i n i t i a l l y   p resen t   menadione 

63,7%  of  the  i n i t i a l l y   present   thiamine  h y d r o c h l o r i d e  

(B)  70,2%  of  the  i n i t i a l l y   present   menadione 

(C)  47,2%  of  the  i n i t i a l l y   present   thiamine  h y d r o c h l o r i d e  

-  a f t e r   3  days  (72  hours) :   in  the  sample  where  s t i l l   p r e s e n t :  

(A)  92,0%  of  the  i n i t i a l l y   p resen t   menadione 

.  28,7%  of  the  i n i t i a l l y   present   thiamine  h y d r o c h l o r i d e  

(B)  23,1%  of  the  i n i t i a l l y   present   menadione 

(C)  16,5%  of  the  i n i t i a l l y   present   thiamine  h y d r o c h l o r i d e  



Example  5 -  Comparison  t e s t s   of  the  BMW  product   s t a b i l i t y ,   p r e s e n t  

in  i n t e g r a t o r   mixtures   for  zootechny  as  compared  with  menadione 

sodium  b i s u l f i t e   MSB  and  a  thiamine  h y d r o c h l o r i d e   in  the  same 

c o n d i t i o n s :  

The  t e s t s   were  c a r r i e d   out  on  three   i n t e g r a t o r   types  having  t h e  

same  p e r c e n t a g e   composi t ion ,   which  co r r e sponds   to  a  s t a n d a r d  

i n d u s t r i a l   use,  namely:  

The  support   d i f f e r s   as  f o l l o w i n g  

P r a c t i c a l l y   an  i n t e g r a t o r   gene ra l l y   con ta ins   the  herein  c l a i m e d  

adduct  BMV  in  a  r a t i o   of  2,5g  to  kg  i n t e g r a t o r .  





1.  An  adduct  of  menadione  with  thiamine  c h a r a c t e r i z e d   by  t h e  

fact   tha t   i t   comprises   two  pa r t s   of  menadione  and  one  par t   o f  

thiamine  h y d r o c h l o r i d e ,   and  by  the  fact   tha t   both  pa r t s   a r e  

mutua l ly   s t a b i l i z i n g .  

2.  Adduct  accord ing   to  claim  1,  having  the  general   f o r m u l a  

C34H36N4O11S3,  and  c o n t a i n i n g   44,56%  b.w.  of  menadione  (C11H8O2) 

and  43,64%  b.w.  of  th iamine  c h l o r h y d r a t e   (C12H18C12N4O S) .  

3.  Feed  i n t e g r a t o r   which  con ta ins   an  adduct  according  t o  

claim  1  in  r a t i o   of  2,5g  a  kg  of  i n t e g r a t o r .  
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